Focusing on the symmetry in structural shocks and employing a four-variable structural vector auto-regression model, this paper investigated the dynamic trend of the feasibility for East Asian economies to form a currency union. The analysis of correlations of external supply shocks, domestic supply shocks, real demand shocks and monetary shocks (nominal shocks) with a sample period from 1980 to 2010 suggests that it is not reasonable for East Asia to form a single currency union currently in the entire region. However, a viable approach for regional monetary integration would be to start with smaller currency areas: Northeast Asian sub-region cluster including Japan, Korea, Taiwan and Hong Kong, and Southeast sub-regional cluster including Indonesia, Malaysia, Singapore and Thailand, and other economies might be included later. We can reasonably expect that the integration of these sub-regional currency areas may lead to a single currency in East Asia when a sufficient degree of economic convergence is achieved.
economy into consideration, we set up an open economy macroeconomic framework incorporating the external shocks. We use growth rate of world GDP, growth rate of domestic GDP, real effective exchange rate, and CPI index to identify external shocks, real demand shocks, supply shocks and nominal shocks (or monetary shocks) respectively. It is assumed that the economy has achieved domestic and external equilibrium at initial. Only supply shocks are expected to influence the aggregate output level in the long run and demand shocks and monetary shocks have only temporary effects. Supply shocks, real demand shocks and monetary shocks are assumed to influence the real effective exchange rate in the long run. World output is considered as exogenous variable, which means that the outputs of potential economies do not influence the world output level. All the shocks are expected to influence the price levels in the long run. In addition, positive demand shocks and nominal shocks raise prices while positive supply shocks reduce them.
The structural VAR model can be considered as an infinite moving average (MA) representation using the lag operator L as follows:  denote external supply shocks (such as oil price shock), domestic supply shocks (such as technology innovation), real demand shocks (such as the changes in consumption preference and investment preference) and nominal shocks (mainly are macroeconomic policies and international currency arrangement) respectively. It is assumed We simplify equation (1) 
The model defined by equations (5) can be estimated using a VAR. Each element of t x  can be regressed on lagged values of all the elements of x  . Taking B as the estimated coefficients matrix, the estimated structural model becomes the reduced VAR model:
......
where t e represents the residuals from the equations in the reduced VAR. In the case considered, t e is comprised of the disturbances of world output ( . In order to uniquely identify the matrix C , the final six restrictions are embodied in the long-run identifying restrictions mentioned in equations (4-1)-(4-4). Combining equations of (1), (7) and (8), we summarize the identification restrictions as:
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Then, matrix C is uniquely defined as:
Finally, the structural shocks matrix t  can be identified as:
The system is now just-identified and can be estimated using structural VAR. We can calculate variance decomposition that represents the contribution of each shock to the variability in each endogenous variable, and impulse-response functions that represent the short-run dynamics of each endogenous variable in response to all identified structural shocks. The estimated supply disturbances are assumed to be less likely to include the influence of macroeconomic policies, which suggests that supply shocks are more informative for evaluating the symmetry of underlying shocks and the feasibility of OCAs than other shocks. Hence we calculate variance decomposition and impulse-response functions for domestic real output only.
Data Description and Stationary Test

Data Description
Using four-variable structural VAR approach, we investigate the nature of macroeconomic structural disturbances over the period of 1980Q1-2010Q4 among 10 East Asia economies, i.e., Japan, Korea, China, Singapore, Hong Kong, Taiwan, Malaysia, Indonesia, Philippines, and Thailand, to assess the dynamic trend of the possibility for these economies to form a potential currency union. In order to examine whether correlations of structural economic disturbances among these economies have undergone significant changes after Asian financial crisis and the global financial crisis, we divide the entire period into three sub-periods: 1980Q1-1997Q2, 1980Q1-2007Q2 and 1980Q1-2010Q4 . 
Stationarity Test
We test the time series for stationarity and co-integration before estimating the structural VAR model. We use both ADF test and PP test to examine the related endogenous variables for the existence of the unit roots. The results indicate that the variables of most sample economies are non-stationary on the level. However, the first difference tests show that the time series are stationary, hence the variables are integrated of the order one (I (1)).
We then estimate the model using the variables in the first differences. According to the Schwaz Information Criterion, two lags are used for variables estimation. By investigating the inverse roots of autoregressive characteristic polynomial of each VAR model, we find that all the modulus are less than one, which suggests the structural VAR models are stable.
Correlations and Variability of Macroeconomic Variables
The Correlations of Macroeconomic Variables
We first investigate the mean and standard deviation of GDP growth, inflation and variability of real effective exchange rate of East Asian economies during 1981Q1-2010Q4. The simple means highlight the high GDP growth achieved over all the sample periods in this region, especially, the overwhelmingly rapid growth of China. The standard deviations of GDP growth suggest much significant regional differences. The simple means and the standard deviations indicate that both inflation rates and regional differences are significantly low. Both simple means and regional differences of real effective exchange rates over all the sample periods are significantly high
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Tables 1, 2, 3 depict the pair-wise correlations of GDP growth, inflation and fluctuation of real effective exchange rate respectively. We can see that the correlation coefficients of GDP growth among East Asian economies increased rapidly after the two financial crises, and has displayed coherent pattern by the year of 2010. Asian financial crisis enhanced the correlation cross all East Asian economies, especially that of Korea, Thailand, Indonesia, Hong Kong and Singapore -which were severely hit by the crisis -with other economies, especially China and Japan. The current global financial crisis further increased the correlation of China, Taiwan and Philippines with other economies, with a generally increasing correlation between any two economies. The correlation degree of inflation among East Asian economies has reached a high level before Asian financial crisis. After Asian financial crisis, only the inflation correlation of China, Singapore and Taiwan with other economies have increased, while both the scope and the degree cross all economies have increased after global financial crisis. The coherent pattern in real effective exchange variability is different from those in the cases of GDP growth and inflation and it slightly increased after the two financial crises because these economies have employed different exchange rate system after Asian financial crisis. The correlations of macroeconomic variables of East Asia economies are increasing in general as time goes. However, the prospect of forming a common currency union is uncertain with the respect to correlation of macroeconomic variables. Table 4 presents the variability of bilateral real exchange rates of the currencies of East Asian economies. We can see that those of Korea Won, Indonesia Rupiah, Singapore dollar and Thailand Baht which had been severely hit by Asian financial crisis have increased, while those of the currencies of other economies continued to display very low variability even after Asian financial crisis. Global financial crisis has decreased exchange rate variability vis-à-vis one another in East Asia in general, but Chinese Yen and Korea Won display very high levels of variability against other economies. The reason is that Chinese Yen has been appreciating after global financial crisis, while Korea Won has been depreciating. Generally, the variability of bilateral real exchange rate is relative low and present symmetric responses to regional shocks and global shocks to a certain extent.
The Variability of Real Exchange Rate
The Empirical Results
The fluctuations of macroeconomic variables may occur due to domestic or/and external supply shocks, real demand shocks, nominal shocks, or a combination of the two or three shocks. The underlying structural shocks transmit their influences to the observed macroeconomic variables through a complex chain of mechanisms including domestic, regional and international linkages. It should be noted that economies with high degree of macroeconomic correlations may employ different sets of policies. Observed macroeconomic variables may present strong international correlations even though the underlying disturbances are not correlated, if the international transmission mechanism is sufficiently strong. Therefore, it is crucial to decompose the fluctuations of these macroeconomic variables into underlying structural shocks and investigate their correlations. In this section, we would investigate the symmetry of underlying economic shocks, and present variance composition and impulse responses functions by employing the structural VAR model.
Correlation of Underlying Structural Shocks
Estimating the correlation coefficients of the identified economic shocks is a natural approach of investigating symmetry of structural shocks across potential economies. The structural shocks are symmetric if the correlation coefficients are positive, and they are asymmetric if the correlation coefficients are negative or not statistically different from zero. According to the structural VAR model, we first estimate the residual error t e of the reduced VAR (6) and identify the matrix C , then calculate the t  ,(that is, external shocks ( Table  5 -7.
Correlations of Underlying External Shocks
The importance of global and regional shocks to explain the fluctuation of economic cycles has increased although the domestic shocks are still dominant for almost all the East Asian economies (Hsu, 2010) . The higher the correlation of external shocks, the lower the costs for sample economies to form a currency union. The reason is that the potential disruptions caused by external shocks in macroeconomic variables are reduced to a large degree, or even are eliminated completely. Panels A in Table 5 -7 show that the correlation of external shocks is highly significant between any two economies over both the entire sample period and the sub-periods, www.ccsenet.org/ijef International Journal of Economics and Finance Vol. 4, No. 12; 2012 165 and the correlation degree has been growing after Asian financial crisis. Most of East Asian economies have adopted export-oriented strategy from the early 1960s and late1970s, and have formed the triangle trade structure in which developed economies within this region act as the exporters of advanced techniques and capital, and United States and European Union act as the role of final markets. Through transmission mechanisms such as international trade and production factors flows, the international production/distribution network in East Asia further enhances the transmission of external shocks such as current global economic recession and oil price rising.
Correlations of Underlying Supply Shocks
Panels B in Table 5 -7 highlight the correlation of supply disturbances with significant coefficients. The results indicate that both the degree and the scope of correlations for supply shocks in the period of 1980Q1-2010Q4 are low, which suggests that the general supply shocks are less symmetric and the costs from forming an common currency union for the entire East Asia are high. However, the symmetry of supply shocks presents an increasing trend. As is shown in panel B in Table 5 , only the supply shocks between Korea and Hong Kong, Hong Kong and Taiwan, Malaysia and Indonesia, and Malaysia and Singapore share significant correlations before Asian financial crisis, while the supply shocks for all the other economies are independent. Panel B in Table 6 shows that the degree and the scope of pairwise correlations in supply shocks have increased dramatically after Asian financial crisis. There are two main reasons for this trend: First, East Asian economies, especially the economies that have been severely hit by Asian financial crisis, have realized the importance to cooperate with other economies and have strengthened the correlation with other economies in supply shocks. Second, the development of the international production/distribution network has enhanced the correlation among member economies through transmission mechanisms such as trade, capital mobility, labor mobility.
During the period of 1980Q1-2007Q2 and 1980Q1-2010Q4 , supply shocks for Northeast Asian cluster, i.e., Japan and Korea, Korea and Hong Kong, Hong Kong and Taiwan, and Southeast Asian cluster, i.e., Indonesia, Malaysia, Singapore and Thailand are significantly correlated between any two economies within the sub-regions. This result is similar to most previous findings, such as those of Bayoumi and Eichengreen (1994) , Bayoumi and Mauro (1999) (2009), but the member economies of sub-regional cluster vary more or less. The picture of "sub-regional cluster" becomes much more evident after the global finance crisis, especially among Southeast Asian economies.
After the Asian financial crisis, the correlation between Northeast Asian economies and Southeast Asian economies has become more significant. For example, acting as the bridge between the two sub-regional clusters, Hong Kong shares significant correlation in supply shocks not only with Northeast Asian economies, but also with Indonesia and Singapore during the period of 1980Q1-2007Q2. The supply shocks for China and Philippines are insignificantly correlated with those of other eight economies although the correlation degree has increased, which reflects their intermediate positions. During 1980Q1-2010Q4, the correlation between some economis of two sub-group clusters has been further enhanced. For example, the supply shocks for both Japan and Hong Kong become significantly correlated with those for Malaysia. In addition, China enhanced the correlation with other East Asian economies although only the correlation coefficient of it with Hong Kong is significant.
It is shown that the global financial crisis has reinforced the degree and the scope of correlation in supply shocks among East Asian economies, which may not only strengthen the trend of sub-regional clusters but also promote the correlation in supply shocks in the entire region. The regional production network reduced the impact of the global economic depression caused by current global financial crisis to a large degree and most member economies have realized economic recovery rapidly. In addition, East Asian economies try to reduce the dependence on the external markets of America and Europe and strategically turn to the regional market in order to develop not only the regional production network but also the regional marketing network. Therefore, it is rational to anticipate an increasing correlation of supply shocks among East Asian economies. Compared to the correlations in GDP growth (Table 1) , the correlations in supply disturbances (Table 7) is lower, which manifests that it is necessary for us to distinguish underlying structural disturbances from observed macroeconomic variables.
Correlations of Underlying Real Demand Shocks
As a reflection of the structure of vertical international division of labor due to the "Flying Geese Pattern" (Akamatsu, 1962 ) from the late-1950's and the early-1960's, the real demand shocks for pairwise economies within NIEs and ASEAN are significantly correlated before Asian financial crisis (Panel C of Table 5 ). As is Vol. 4, No. 12; 2012 shown in Panel C of Table 6 , Korea, Indonesia, Thailand, Philippines and Malaysia have enhanced correlation in demand shocks with other economies during 1980Q1-2007Q2. The correlation of real demand shocks among both "Northern East Asian" economies and "Southern East Asian " economies have been enhanced, although the correlation degree among Northern East Asian economies is lower than that of supply shocks while the correlation degree among Southeast Asian economies is higher than that of supply shocks. As for the symmetry in demand shocks, the potential "Great China Circle", i.e., mainland of China, Hong Kong and Taiwan becomes significant after Asian financial crisis, though it is not significant in case of supply shocks. Global financial crisis did not change the picture of the correlations of demand shocks (panel C of Table 7 ). The international production network and the intra-industry (or intra-product) trade have been prompting the development of mutual demand mechanism in East Asia. As member economies turn from relying on external market to developing regional market, the correlation degree of demand shocks will increase and much deeper economic integration will be achieved.
It is interesting that the demand disturbances for Japan are not significantly correlated with those for other East Asian economies. This can be explained as follows: First, Japan is the most important exports country for other East Asian economies. The increase in demand for capital and technology intensive products will increase the prices and vice verse. Second, Japan is the only developed country in East Asia, and its consumption preferences are different from those of other economies. Thirdly, Japan employs flexible exchange rate system, while other East Asian economies factually employ US Dollar-pegged exchange rates although they declared to adopt free flexible exchange rate after Asian financial crisis.
Correlations of Underlying Monetary Shocks
The correlations of monetary shocks in East Asian economies display different picture from those of supply and demand shocks as shown in panels D in Table 5 -7. The development of international industry transferring channels and the trade-oriented foreign direct investment have deepened the financial inter-dependence between Japan and NIEs, and between NIEs and ASEANS from the mid 1970s, which enhances the correlations in monetary disturbances. After global financial crisis, monetary shocks for Japan and Korea have become further significantly correlated with those for ASEAN, and the correlations of monetary shocks between pairwise ASEAN economies also increased. The correlations in monetary shocks suggest the increased correlation in monetary policies and inflation rate movement among East Asian economies, which indicates the decreasing costs from forming a currency union.
Variance Decomposition
In order to gauge the relative contributions of underlying economic shocks to GDP fluctuations in each sample economy, we calculate the variance decomposition of domestic GDP for sample economies at fist-, second-, third-, fourth-, eighth-, twelfth-and 20-quarter forecast horizons. We found that supply shocks are dominant at all horizons and explain over 70% of domestic output variation for East Asian economies. After Asian financial crisis, the relative contributions of supply shocks in China, Japan, Korea, Philippines, Singapore and Taiwan have risen up to over 70%. In contrast, those in economies hit severely by this crisis, such as Hong Kong, Indonesia, Malaysia and Thailand have decreased, while the relative contributions of demand shocks have increased in these economies. After global financial crisis, the relative contributions of supply shocks have increased in Hong Kong, Indonesia, Philippines and Singapore, while those in China, Japan, Korea, Malaysia, Taiwan and Thailand have decreased. The relative contributions of external shocks and monetary shocks in some economies, such as Malaysia and Thailand, have increased.
The changes of relative contributions of structural shocks to domestic GDP variances have important implications for the exchange rate policies in East Asian economies. Supply shocks are independent from changes in demand management policies and are less possible to be sensitive to the changes of international monetary arrangements (Bayoumi & Eichengreen, 1994) , while real demand shocks and monetary shocks tend to include the influence of macroeconomic policies as well as purely stochastic disturbances. Therefore, we take the supply shocks as the leading variable in estimating the symmetry of structural shocks. The correlations of supply shocks suggest that East Asia has not reached the stage of forming a common currency union. However, a viable approach for regional monetary integration would be to start with Northeast Asian sub-region cluster including Japan, Korea, Taiwan and Hong Kong, and Southeast sub-regional cluster including Indonesia, Malaysia, Singapore and Thailand (maybe including Philippines). In fact, China has experienced mainly idiosyncratic shocks or insignificant correlations in supply shocks with the rest of the East Asian economies, and the combination of the Greater China region including mainland of China, Taiwan and Hong Kong advocated by some previous literature may not be a plausible option. 
Sizes of Disturbances and Speed of Adjustment
Given certain cross-country asymmetry, the larger the size of disturbances and the slower the speed of dynamic adjustment, the larger the costs from forming a common currency union for certain region due to foregoing the autonomy of independent macroeconomic policies (Bayoumi & Eichengreen, 1994; Boone, 1997) . Hence, besides the estimation analysis of symmetry structure of structural disturbances, it is necessary to assess the size of disturbances and the speed of dynamic adjustment.
Structural VAR methodology assumes that the estimated potential structural disturbances have unit variances, which allows us to estimate the relative size of structural disturbances and the adjustment speed to disturbances in sample economies based on the impulse response function analysis. For both external and domestic supply shocks, we use the average absolute value of the log-run (20-quarter horizon) effect of one unit shock on changes in real GDP as a measure of size since the supply disturbances have permanent effects on output. On the other hand, it is assumed that the demand and monetary disturbances have transitory effects on output, so the sizes of them are measured by the average absolute values of the short-run (4-quarter horizon) effect of one unit shock on changes in real effective exchange rates and CPIs respectively (Huang & Guo, 2006; Zhang et. al, 2001 Zhang et. al, & 2003 . The adjustment speed to disturbances is the ratio of the response after 4-qurters to its long-run level (the response after a 20-qurter horizon).
As is shown in Table 8 , the sizes of supply shocks are large in most of the developing and open economies, such as Indonesia, Singapore, Malaysia and Thailand, which suggests the rapid growth of GDP in these economies. Asian financial crisis increased dramatically the sizes of structural shocks for Korea, Indonesia, Malaysia, Thailand, Philippines and Singapore, most of which have been severely hit by the crisis. Global financial crisis did not change the sizes of structural shocks significantly. However, the adjustment speed to structural disturbances is fast, and most East Asian economies take less than one year to complete the adjustment to one unit structural shock. For supply shocks, the adjustment speed of China, Hong Kong, Indonesia, Singapore and Taiwan increased after Asian financial crisis, which results in the increase of average adjustment speed during 1980Q1-2007Q2. The adjustment speed of China, Korea, Singapore, Taiwan and Indonesia continued to increase after the global financial crisis, which is consistent with their economic growth after the crisis. For the demand shocks, the average adjustment speed did not change after Asian financial crisis, while decreased after the global financial crisis. The average adjustment speed of monetary shocks increased after both Asian financial crisis and currenct globle financial crisis, may be due to the enhancement of intra-regional capital mobility.
A possible explanation of the high adjustment speed to structural disturbances is that East Asia possesses much flexibility in cost-price structures, especially the labor market is relatively more flexible and subject to comparatively little minimum wage legislation in most member economies, which leads to the faster internal adjustment to disturbances for them (Bayoumi & Eichengreen, 1994; Goto & Hamada, 1994; Zhang et. al, 2001 Zhang et. al, & 2003 Sato et al., 2003; Zhang & Lan, 2005; Tang, 2006; Huang & Guo, 2006; Lee & Azali, 2009 ). This also confirms the OCA criteria of factor mobility originated by Mundell (1961) .
Conclusions
There has been a resurgence of interest in a concerted monetary arrangement and currency union in both academia and policy circle in East Asia in the aftermath of the global financial crisis. Focusing on the symmetry in structural shocks and employing four-variable structural VAR technique, this paper investigated the dynamic trend of the feasibility for East Asia to create a common currency union.
The correlations of supply shocks show that East Asia did not reach the stage where they can form a common currency area. However, the results also suggest that two "sub-regional clusters" have better poised for deeper monetary integration as a transition process: one is Northeast Asian cluster including Japan, Korea, Hong Kong, and Taiwan, the other is Southeast Asian cluster including Indonesia, Malaysia, Singapore and Thailand. Underlying supply shocks are significantly correlated and symmetric between each other economies in these two clusters. Monetary integration in East Asia could begin with these smaller groupings, which will facilitate regional monetary cooperation and integration through the establishment of swap arrangements, free trade agreements, and regional coordinating institutions. Then other economies could be included in the future. When a sufficient degree of convergence is achieved, the integration of these sub-regional currency areas may lead to a single currency in East Asia, given full economic integration and harmonization. It should be noted that the symmetry of underlying shocks is part of the (albeit more important) "screening device" to assess the suitability of different groups of economies for potential monetary union. Hence, the results of this study are suggestive rather than definitive since the formation of monetary integration will depend on other economic and noneconomic factors as well. The importance of the intensity of intra-regional trade, flexibility of factor markets,
International Journal of Economics and Finance Vol. 4, No. 12; 2012 and macroeconomic policy coordination in determining the process of monetary integration should also be noted. The weak financial systems, not well developed foreign exchange markets of some of the prospective members, and the complex of preferences concerning exchange rate policy, budget deficits, and inflation rates still hamper the formation of currency unification in East Asia. It also should be recognized that East Asian economies are lack of the political solidarity, commitment and experience with political cooperation for a monetary union like that of euro area at present. Hence, a currency union would be much harder to accomplish in East Asia than in Europe.
Demertzis, M., Hallett, A. H., & Rummel, O. (2000) . : ***, ** and * means that we reject the null hypothesis at the significance level of 1%, 5% and 10%, and the same as below. JPN, TWN, SGP, THA, HKG, PHI, CHN, MLY, KOR and IND denote Japan, Taiwan, Singapore, Thailand, Hong Kong, Philippines, China, Malaysia, Korea and Indonesia respectively, and the same as below. Real seasonally adjusted GDP growth rates are the percentage changes over corresponding period of previous year. Source: The author's estimation by SPSS 16.0.
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